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ABSTRACT
Objective: Concussion education strategies that improve knowledge and attitudes long term are needed. 
This exploratory study piloted an interactive concussion education program, adopting concepts from the 
learning sciences and attitude change literature, for the underserved and high-risk population of 
motorsports.
Method: Forty UK motorsport drivers (ages 16–20 years) participated. The workshop group received 
a two-phased workshop-based program. The comparison group received a concussion leaflet. Participants 
completed an adapted version of the Rosenbaum Concussion Knowledge and Attitudes Survey (RoCKAS- 
ST) at pre-, post- and 2-month follow-up. Within-group analysis for the workshop group explored the 
differential effect of the individual difference variable, Need for Cognition (NfC), and effectiveness was 
explored through post-workshop questionnaires and interviews.
Results: Unlike the comparison group, the workshop group showed a significant improvement in knowl-
edge over time (F(2,58) = 45.49, p < .001, η2p = .61). Qualitative data indicated workshop-program 
participants developed safer attitudes toward concussion following programming. Preliminary evidence 
suggested individuals’ responses to concussion education aligned with differences in NfC.
Conclusion: This study piloted the first concussion education program for motorsport drivers and 
explored whether aligning educational provision with the NfC construct may help to improve program 
effectiveness. Findings are relevant to addressing the public health issue of concussion through educa-
tional approaches.
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Concussion, broadly defined as a traumatic brain injury 
induced by biomechanical forces (1), is a worldwide public 
health concern (2) that contributes to a global burden of dis-
ability, public health-care costs, and significant socioeconomic 
impact on families (3). Recent increases in concussion inci-
dence in sport have been widely reported. While this may 
reflect increased awareness and reporting, the significant 
adverse effects of concussion (3) requires this issue to be 
further researched. Effective strategies to prevent, diagnose, 
and improve subsequent management of concussion in sport 
are the subject of debate, however education has emerged as 
a key strategy (1,4). In some world regions, concussion educa-
tion programs are mandatory for athletes and coaches (5). 
However, evidence on the effectiveness of many education 
programs is limited as is determining the optimal delivery 
approach.
The majority of concussion education approaches have 
involved passive dissemination methods (e.g., leaflets, static 
websites, didactic lectures) or a single workshop, and have 
targeted athletes (e.g., ice hockey, football, rugby) in North 
America between the ages of 9–21, with a few programs target-
ing coaches and parents (6). Evaluations have indicated poor 
knowledge retention and no effect on attitudinal changes (6). 
The lack of effectiveness may be partly to do with how the 
messaging and content is taught and consequently cognitively 
processed by participants.
Content, delivery methods and communication strategies 
all impact on the effectiveness of concussion education (5). 
Contrary to popular belief, learning is not intuitive, and 
approaches to education that are beyond passive dissemination 
and are grounded in the learning sciences have potential to 
enhance program effectiveness (7). Positively, Caron, Rathwell, 
Delaney, Johnston, Ptito and Bloom (8) introduced multiple, 
spaced learning sessions to concussion education, which 
showed positive effect. Compared to massed approaches to 
learning, the evidence shows that spaced, and repeated, learn-
ing sessions are significantly better for retention and compre-
hension (9,10). While Caron et al. (8) found knowledge 
improved following their program, no significant improve-
ment in attitude was identified. This must be addressed further, 
and a science-based approach to learning should provide the 
evidence for this investigation, including drawing from the 
evidence on individual differences in cognition. Targeting 
and improving both knowledge and attitudes is important 
because knowledge alone does not lead to behavior change 
(11); attitude influences behaviors and behavioral inten-
tions (12).
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Decades of health communication research has indicated that 
individual difference variables can influence how health mes-
sages are received, interpreted and retained (13,14). One such 
individual difference factor is Need for Cognition (NfC). NfC is 
a relatively stable individual difference variable in cognitive 
motivation that relates to the extent to which an individual 
engages in and enjoys effortful thinking (15,16). An individual’s 
NfC influences ability and motivation to take on health infor-
mation and partially determines the impact of delivery methods 
(e.g., videos, statistics) (17). Typically, individuals with greater 
NfC engage in more effortful thinking, are more influenced by 
substantive arguments and more likely to prefer complex tasks 
(18,19). Individuals with greater NfC are demotivated to process 
information that appears simple and unchallenging, while indi-
viduals with low NfC prefer simple tasks and respond more 
positively to images over text (18–21). Recent work on attitude 
change in sport (related to doping) has suggested that individual 
differences in NfC can affect the impact of programs (22). 
Recently in the area of concussion, Turner, Tollison, Hopkins, 
Poloskey and Fontaine (23) surveyed 353 athletes (mean 
age = 19.8 yrs) and found that it was not only participants’ 
ability to understand health information that determined 
knowledge of concussion symptoms but also their motivation 
to think deeply about concussion (i.e. their NfC) (22).
Addressing individual differences in NfC within concussion 
education has potential to improve ability and motivation to 
process and engage with health messages. A more tailored 
approach may address prior limitations associated with pro-
gram effectiveness related to “one size fits all” concussion 
programming. It is important to investigate how matching 
concussion education delivery and content with athlete’s NfC 
preference (e.g. high or low) might enhance impact.
A population that could derive high benefit from a focus on 
NfC is motorsport (e.g., F1, rally, karting). The incidence of 
concussion in motorsport drivers is rising and high compared to 
other high-risk sports (24–27). Reported incidence varies from 
6.3% to 35% (26). After adjusting for national sport participation 
rates, Finch, Clapperton and Mccrory (28) found concussion 
rates were highest for motorsports (181/100,000 participants), 
followed by equestrian activities and rugby (130/100,000 and 49/ 
100,000 participants, respectively). Motorsport is a small, highly 
complex, and individualized sport that is under-researched in 
sport science and medicine (26,27). Further, despite the enor-
mous G-forces exerted on the athletes (herein referred to as 
drivers), evident risks and highly publicized concern for driver 
safety (26,27), there is no published research on concussion 
education programs in motorsport. Unlike other sports where 
concussions are also common (e.g., rugby, football), motorsport 
drivers often travel to and from races independently without 
support (e.g., coach, family member), and the availability of on- 
site medical personnel/resources varies widely by region, race 
series, and level (24,27). Our survey research on concussion in 
UK motorsport evidences the need for concussion education in 
motorsport (24), with reported increases in incidence (26) but 
also a lack of knowledge and mixed attitudes in drivers (24).
The current exploratory research utilizes a rare opportunity to 
access a convenience sample of young competitive racing drivers, 
an ideal target population given the aforementioned motorsport 
context, and evidence suggesting adolescents and emerging 
adults may be most susceptible to concussion and persistent 
symptoms (1). This study involved developing and piloting an 
interactive concussion education program. We used a mixed- 
methods design to explore changes in knowledge and attitudes, 
and drivers’ responses to the program relative to their NfC.
The research questions addressed in this paper are:
(1) Does a workshop-based concussion education program 
lead to improved knowledge about concussion in 
a group of young motorsport drivers?
(2) Does a workshop-based concussion education program 
promote safe attitudes toward concussion and is this 
evidenced in quantitative and qualitative responses?
(3) How do the drivers’ responses align with individual 
differences in Need for Cognition (NfC) and is there 
a role for NfC in concussion education programs?
Methods
Design
The main aim of this exploratory pilot study was to explore the 
impact of the workshop program. To achieve this, quantitative 
pre-, post- and follow-up data were collected from workshop 
participants. Post-program interview data were also collected 
from a sample of workshop participants. This qualitative data 
provided additional explanatory information about the workshop 
program to address the research questions (29). For comparison, 
and to rule out other potential causes of change to concussion 
knowledge and attitudes, an inactive comparison group (30) was 
included and this group received a gold-standard concussion 
leaflet. Only quantitative pre- and post-leaflet data were collected 
from the comparison group and further rationale for this is 
described below. Ethical approval for the study protocol was 
provided by the institutional ethics committee at the University 
of Edinburgh.
Participants
All participants were enrolled by Motorsport UK, the national 
governing body, using convenience sampling. We were provided 
access to a full cohort of 30 UK motorsport-licensed drivers 
(Mage = 17.4 years; 78% men) to take part in the workshop- 
based program. Ten UK motorsport-licensed drivers 
(Mage = 17.1 years; 70.0% men) took part in a separate compar-
ison condition that were instead provided with a concussion leaf-
let. These participants were also recruited by Motorsport UK 
through targeted e-mail invitation. Inclusion criteria for this 
study were as follows: 16–20 years of age; active motorsport 
competitor (last 12 months); current Motorsport UK race license 
holder. All participants provided informed written consent. 
Participant characteristics, obtained via questionnaire, are sum-
marized in Table 1.
Measures & materials
Concussion knowledge & attitudes
The 55-item Rosenbaum Concussion Knowledge and 
Attitudes Survey – Student Version (RoCKAS-ST; 31) 
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provides two index scores; concussion knowledge (CKI), 
and concussion attitude (CAI). The RoCKAS-ST reportedly 
demonstrates satisfactory test–retest reliability (CKI items: 
r = .67; CAI items: r = .79) and internal consistency 
(Cronbach’s α = .59-.72) (31). The CKI-subscale in this 
study showed good internal consistency (Cronbach’s 
α = .82) and the CAI-subscale showed acceptable internal 
consistency (Cronbach’s α = .71). The RoCKAS-ST has 
been described extensively in the literature, and further 
details on the measure can be found in Caron et al. (8). 
Terminology was adapted to suit the motorsport context 
(e.g. ‘athletes’ to ‘drivers’; ‘return to a game’ to ‘return to 
an event’) (24).
Knowledge and attitudes were also assessed qualitatively 
through semi-structured interviews. An interview schedule, 
comprising 6 main questions with additional prompts and 
probes (32), was adapted with permission (8). Questions were 
reviewed and agreed by the research team and a Motorsport 
UK official.
Need for cognition
Assessed using the 18-item, short form Need for Cognition 
scale (NfC) (33). Participants rated items (e.g., “Thinking is 
not my idea of fun”) on a 5-point scale (1 = extremely 
uncharacteristic of me, to, 5 = extremely characteristic of 
me). Higher scores (range 18–90) indicated higher NfC. 
The scale has demonstrated good test-re-test reliability 
(α = .88) (15) and showed ‘acceptable’ internal consistency 
(Cronbach’s α = .76) in the present study. It is not influ-
enced by gender, social desirability, differences in test- 
taking anxiety or cognitive style (15) and has been used 
in a variety of related settings, (e.g. student attitudes toward 
exercise) (34).
Workshop questionnaires
A short post-workshop questionnaire was developed which 
assessed participants’ responses to elements of the workshops 
in accordance with high NfC (e.g., preference for graphs/data 
and engaging in discussions/tasks) or low NfC (e.g., preference 
for brief videos and limited thinking) (18–21,33). Participants 
responded to questions using forced-choice responding, to 
reduce response biases such as acquiescence responding (35).
Forced-choice in this study required participants to distri-
bute 5 points between pairs of statements (e.g., “The video clip 
with Dr Stephen Olvey sufficiently helped me in learning about 
the signs and symptoms of concussion” versus “The signs/ 
symptoms sorting task activity and follow-up discussions 
were most beneficial to me in learning about the signs and 
symptoms of concussion”). The greater number of the points 
given to a statement indicated participants’ agreement/prefer-
ence. A copy of the questionnaires can be obtained from the 
first author.
Workshop-programme structure and content
The workshop program consisted of two interactive sessions. 
The sessions were spaced 4 weeks apart. Each workshop lasted 
90 minutes and was delivered by a facilitator who was both 
a trained educator and concussion researcher. Facilitation 
methods were informed by the learning and psychological 
sciences of cognition (9,10). Delivery techniques included 
videos, active demonstrations, group activities and competition 
(e.g. card sorting; working in a team to create sport-specific 
physical and psychological RTP protocols), revision/discus-
sion, case studies and practicing relevant hypothetical 
scenarios.
The program in this study was designed to provide 
a motorsport-tailored and age-appropriate concussion educa-
tion experience while working to improve knowledge and 
attitudes toward the topic. Motorsport-specific contextualiza-
tion, examples, and case studies were created through discus-
sions with expert stakeholders. While being tailored to 
motorsport, the fundamental concepts within the area of 
concussion were covered (1,8). Workshop 1 covered: the 
definition of concussion; mechanisms of injury; signs and 
symptoms of concussion; basic pathophysiology; the physical, 
psychological and emotional impact of concussions and the 
potential short- and long-term effects on health and well-
being as well as sport performance. Workshop 2 covered: 
a review of workshop 1 and further discussion of the poten-
tial effects of concussion on performance and daily living; 
return to normal/learn and return to sport processes and 
protocols; consideration of safe sporting environments and 
looking out for others. All evidence taught in the program 
was based on the latest peer-reviewed literature (e.g., 
1,6,8,36).
Comparison programme information
The Scottish Sports Concussion Guidance leaflet (37) was dis-
seminated. This leaflet is a pioneering, nationally endorsed 
cross-sport document covering a range of concussion topics 
including causes, symptoms, management and RTP.1





Age (years) (M, Range) 17.4 (16–20) 17.1 (16–18)
Sex (N) (%)
Male 22 (73.3) 7 (70.0)
Female 6 (20.0) 3 (30.0)
Unknown 2 (6.7) 0 (0.0)
NfC (M)(Median) 53.9 (54.0) 56.5 (55.5)
Subtype (N)(%)
Circuit 14 (46.7) 2 (20.0)
Rallying 4 (13.3) 5 (50.0)
Karting 8 (26.7) 3 (30.0)
Rallycross 1 (3.3) 0 (0.0)
Unknown 3 (10.0) 0 (0.0)
Level (N)(%)
Amateur 16 (53.3) 9 (90.0)
Professional 8 (26.7) 1 (10.0)
Both 3 (10.0) 0 (0.0)
Unknown 3 (10.0) 0 (0.0)
Concussion history (N) 
(%)
Yes 2 (6.7) 3 (30.0)
No 20 (66.7) 6 (60.0)
Not sure 5 (16.7) 1 (10.0)
Unknown 3 (10.0) 0 (0.0)
NfC = Need for Cognition. Concussion history = History of concussion in motor-
sport. Unknown = missing data.
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Procedure
Measures and workshops were reviewed by relevant profes-
sionals with expertise in psychology, adolescent development, 
education, and secondary school teaching and were piloted 
before use.
Procedural time points were adapted from the literature 
(6,8) to meet the availability of the Motorsport UK stake-
holders. Following informed consent all groups completed 
the baseline (pre-test) questionnaires (RoCKAS-ST, NfC) 
1-week before receiving either the first workshop or the leaflet. 
During week 2, the comparison group received the educational 
leaflet for reading and the workshop group received the first 
workshop. The workshop group received the second workshop 
four weeks later and completed the RoCKAS-ST at the end of 
this session (post-test). Both groups repeated the RoCKAST- 
ST 2-months later (follow-up).
Further, the workshop group completed the evaluation 
Workshop Questionnaire after each session. Approximately 
3 months after the second workshop, 13 (43%) workshop group 
participants completed individual follow-up interviews via Skype 
or telephone. Interviews lasted approximately 15–20 minutes and 
were audio recorded and then transcribed. Interviewees were 
purposively sampled to represent different motorsport subtypes 
and sampling stopped when data saturation (38) was achieved.
Data analysis
Quantitative
Statistical analyses were conducted using IBM SPSS 22.0 (SPSS, 
Armonk, NY). Significance level was set to p< .05. 
Demographic data was summarized using means, medians, 
frequencies and percentages. CKI and CAI scores were com-
puted (31) for both groups. The Shapiro–Wilk test of normality 
indicated some violation for the workshop group (pretest CAI, 
p = .03; and follow-up CKI, p = .008); however, Q–Q plots and 
studentized residuals showed this was minimal. We therefore 
proceeded with ANOVA analyses, which are robust to viola-
tions of normality (39,40). Sphericity was assumed for CKI and 
CAI workshop group data, (Mauchly’s test of sphericity (X2 
(2) = 2.14, p = .342, and X2(2) = 1.31, p = .520, respectively).
Workshop group
Knowledge (CKI) and attitudes (CAI) were evaluated using 
one-way repeated measure ANOVAs across pre-program, 
post- 
program and follow-up time points (39). Workshop group 
participants were then divided into ‘low NfC’ (M = 43.33, 
SD = 7.05) versus ‘high NfC’ (M = 63.50, SD = 4.18) groups 
according to baseline NfC scores and their ‘workshop ques-
tionnaire’ data was described descriptively according to this 
group membership (‘low NfC,’ ‘high NfC’). This provided 
exploratory insight into how individual differences in Need 
for Cognition may be reflected within concussion education, 
and how participants may have preferences for how they 
receive information and differences in the depth at which 
they engage with the learning process (15,17; e.g., High NfC 
showing preference for graphs/data and engaging in 
discussions/tasks, or low NfC showing preference for brief 
videos and limited thinking time (33)).
Comparison group
Knowledge (CKI) and attitudes (CAI) were each evaluated 
using within-subject t-tests (pre- to post-leaflet).
Qualitative
Interview transcripts were analyzed thematically (41) using 
Quirkos Software (Version 1.5.0, Quirkos Limited, 
Edinburgh). Transcripts were read multiple times and 
initial codes were assigned to relevant meaning units, 
which were then extracted and organized deductively 
into the higher-order themes of, ‘Concussion Knowledge’ 
and ‘Concussion Attitudes.’ Lower-order themes were 
identified inductively. To establish trustworthiness (42), 
two other trained researchers independently reviewed 
codes and themes. Initial inter-rater agreement scores 
were 86% and 80%, respectively. Following discussions 
between the researchers, minor changes were recom-
mended to some theme names to increase clarity for the 





There was a significant change in CKI over time (F(2,58) = 45.49, 
p < .001, η2p = .61 (large effect)), with CKI scores increasing from 
pre-program (M = 24.00, SE = .53) to post-program (M = 28.11, 
SE = .46) then decreasing at follow-up (M = 26.80, SE = .38). 
Post-hoc analysis with a Bonferroni adjustment showed CKI 
significantly increased from pre-program to post-program 
(Δ = 4.11, p< .001), and from pre-program to follow-up 
(Δ = 2.80, p< .001). There was a statistically significant decrease 
in CKI from post-program to follow-up (Δ = −1.31, p= .013). 
These results suggest that concussion knowledge improved over-
all as a result of the workshop program. There was, however, no 
significant difference in CAI over time (F(2,58) = 1.64, p = .204, 
η2p = .05 (small)). Mean scores were 55.55 (SE = .92 pre-test), 
57.11 (SE = .56) at post-test, and 56.98 (SE = .89) at follow-up 
(see Figure 1 and 2).
Comparison group
There was no significant difference between CKI scores at 
baseline (M = 27.90, SE = .81) and follow-up (M = 27.10, 
SE = .31), t(9) = 1.206, p = .259, d= .41 (Figure 1). There 
was also no significant difference between the group’s CAI 
scores at baseline (M = 56.00, SE = 2.30) and follow-up 
(M = 55.00, SE = 2.23), t(9) = .852, p = .416, d = .14 (see 
Figure 2).
Interviews
Participants described different areas of “Concussion 
Knowledge” they reported learning about as a result of 
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the programming. This included four sub-theme categories: 
Sign and symptom awareness (77% of total sample), 
Managing concussion (62%), Susceptibility and severity 
(62%), and Mechanisms of concussion (23%). Table 2 indi-
cates the development of participants’ knowledge about the 
range of symptoms and how they can “differ compared to 
what most people think they are.” Participants reported 
greater awareness of cognitive and/or emotional symptoms 
in addition to physical. Participants explained learning that 
“small impacts can lead to concussion,” and that it does not 
need to be a direct hit to the head. They also recounted the 
importance of the staged return processes and making 
short-term adjustments to training/competition as well as 
activities including TV, mobile phone use, and driving. The 
potential impact on people’s lives and athletic performance 
was also discussed.
The second main theme represented changes to parti-
cipants’ beliefs and attitudes toward concussion since tak-
ing the program. This theme, “Concussion Attitudes” 
contained four sub-themes including Perceived seriousness 
(69% of total sample), Intention to report (62%), Personal 
responsibility (38%), and A physical & mental injury 
(23%). As a result of the workshops, participants reported 
thinking more about their personal role or responsibility 
in responding to concussion, and that competing while 
concussed puts others in danger as well as themselves. 
They also discussed that they would now be more likely 
to report symptoms and seek medical attention following 
Figure 1. Mean group scores for concussion knowledge (CKI) for the Workshop (white bars) and Comparison (black bars) groups at pre-intervention (Pre), post- 
intervention (Post) and 2-month follow-up. Error bars represent 95% confidence intervals. #Significantly greater than Pre, p < .001; +significantly greater than follow-up, 
p < .001.
Figure 2. Mean group scores for concussion attitudes (CAI) for the Workshop (white bars) and Comparison (black bars) groups at pre-intervention (Pre), post- 
intervention (Post) and 2-month follow-up. Error bars represent 95% confidence intervals.
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an accident. Following the program participants reported 
believing that concussion was more serious than they 
previously thought (e.g., more than just a physical injury) 
and that “a lot more people need to be aware of it” 
(Table 2).
NFC
Figure 3 shows participants in the ‘lower NfC’ group 
showed a preference for the statements considered to be 
characteristic of those with lower NfC. Likewise, partici-
pants with ‘higher NfC’ preferred the statements considered 
characteristic of higher NfC. For example, participants with 
‘lower NfC’ gave the sign and symptom video clip a higher 
rating, while those with ‘higher NfC’ gave the sign and 
symptom-sorting task and discussion a higher rating. 
Those with ‘lower NfC’ rated brief videos higher than 
those with greater NfC, while those with ‘higher NfC’ 
rated ‘liking evidence and data’ higher than those with 
‘lower NfC.’
Discussion
This is the first evidence that a workshop-based concussion 
education program for motorsport drivers can significantly 
improve concussion knowledge (large effect sizes). While 
knowledge scores at 2-month follow-up declined, these 
remained significantly greater than the pre-program level. 
Participants who were instead provided with a concussion 
leaflet did not show any improvements from pre- to follow- 
up. Evidence from this exploratory study supports the effec-
tiveness of the workshop-program to significantly improve 
knowledge about concussion. No statistically significant 
changes in attitudes toward concussion were detected by the 
ROCKAS-ST. In contrast, the qualitative data from the work-
shop group showed evidence of safer attitudes following the 
program. This study emphasizes the value of mixed-methods 
approaches to assess concussion attitudes, and suggests poten-
tial benefit of aligning individual Need for Cognition with 
educational provision.
Concussion knowledge
This evidence, demonstrating improvements in concussion 
knowledge following the workshop programme extends 
findings from cross-sectional motorsport survey data 
(24,43). The decrease in knowledge scores between post- 
test and follow-up is consistent with previous studies 
(8,44); however, importantly, follow-up levels remained 
statistically better than baseline, with large effect sizes. 
The RoCKAS-ST has been used previously to assess the 
effects of concussion education programs with student- 
athletes in North America (8,45). UK motorsport drivers 
in the current study reported on average lower CKI scores 
compared to Caron et al. (8) but showed a greater (%) 
increase in scores from pre- to 2-month follow-up. The 
relatively lower CKI scores in the current sample may 
reflect greater exposure to concussion education (includ-
ing legislative changes) in North American sport and 
Table 2. Influence of education programming on knowledge and attitudes toward concussion.
Main theme Sub-Theme Supporting quotes
Concussion 
Knowledge
Signs and symptom 
awareness (N = 10)
“I learned all the different symptoms of concussion that I didn’t really think [about before] . . . ” [Participant 2]
“not all the signs of a concussion are really obvious . . . you have to think about like what you’re coping with.” 
[Participant 5]
“I wasn’t aware of how much it can affect you emotionally” [Participant 13]
Managing concussion 
(N = 8)
“ . . . see a doctor right away at least . . . things like avoiding driving, using a mobile phone, anything like that over 
stimulates . . . .” [Participant 2]
“you need to be taking a break if you do get a concussion rather than continue with your competition” [Participant 22]
“don’t drive anywhere, and use much heavy machinery or cars or anything else just because in case they do have side 
effects happen when they are using that, then it could have a serious impact on them.” [Participant 23]
“I know it’s important to slowly get back into everything, like go for a steady walk, and there’s steps that you have to 
go through. . . . you have to take the steps to be safe . . . going slowly upwards so they can get back them same 
self.” [Participant 13]
Susceptibility and severity 
(N = 8)
“I learned that if you have one concussion you’re more likely to get another” [Participant 5]
“[I didn’t know before] how much it can reduce your performance.” [Participant 19]
Mechanisms of concussion 
(N = 3)
“I learned that you don’t have to be knocked out to be concussed . . . ” [Participant 20]
“I learned like it doesn’t actually need to be that big of an impact to be concussion.” [Participant 19]
“you think, ‘oh, it has to be a hit to the head,’ but it doesn’t’.” [Participant 13]
Concussion 
Attitudes
Perceived seriousness (N = 6) “it’s a lot more serious than what I first thought” [Participant 5]
“it is a bigger concern to me now that I know more about it.” [Participant 20]
“I think it’s something that needs to be brought to attention more. A lot of people don’t really understand how much 
it could actually affect someone, it’s changed my view in regards to the safety, and how much more important 
everything is now . . . ” [Participant 6]
Intention to report (N = 8) “it would now change what I would do if it happens. I would now definitely go to the doctors and take all their 
advice . . . .” [Participant 5]
Personal responsibility 
(N = 5)
“now that I know a lot more about them I would have probably not drove on and would have sacrificed that round, for 
the safety of everybody else and myself as well. It definitely is something that I’m consciously thinking about 
now . . . you could be putting yourself in danger doing the next race or, in fact, putting other people with you on 
the track in danger and at risk as well.” [Participant 23]
“until you know you’ve got the clearance from your doctor and you feel not only, from what your doctor said, but you 
feel in yourself that you’re good, I think that’s quite important” [Participant 6]
A physical & mental injury 
(N = 3)
“now [I think of concussion as] a physical and mental injury” [Participant 2]
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further supports the need for more education within the 
UK setting.
The RoCKAS-ST does not assess knowledge for all key 
concepts typically taught during concussion education 
programs. For example, understanding of return to learn 
(RTL) and play (RTP) protocols (key concepts of the 
current consensus guidelines (1) is not assessed by the 
measure but can be investigated in depth through inter-
view or focus group methods. In this study, qualitative 
data from drivers in the workshop-program demonstrated 
an understanding of concussion management procedures 
and how to effectively adapt and implement the staged 
RTL/RTP protocols for the motorsport context. 
Qualitative data also showed drivers demonstrated greater 
depth to their knowledge about concussion signs and 
symptoms as well as commonly overlooked complexities 
(e.g., symptoms being individualized and comprising emo-
tional and cognitive features as well as physical). 
Furthermore, as a result of the workshop program drivers 
understood the mechanisms and severity of the concussion 
injury, including its impact on daily living. Qualitative 
data in this study was able to assess a wider range of 
changes and further demonstrates the value of this meth-
odology (8).
Concussion attitudes
Attitude toward concussion, assessed through the RoCKAS- 
ST, did not show significant change following the workshop 
program, or leaflet. This finding is consistent with previous 
literature which suggests the subscale has a ceiling effect, 
reducing its ability to detect change (8). However, in con-
trast to the scale ratings, the qualitative data from work-
shop participants indicates important attitude changes. 
Following the program, workshop participants expressed 
intention to behave differently in the event of 
a concussion (“change what I would do . . . .go to the 
doctor”) and to relinquish primary performance goals 
(“would have sacrificed that round, for the safety of every-
body else and myself”); both underpinned by changed atti-
tude (“it’s changed my view . . . . how much more 
important”) and demonstrating the drivers’ higher order 
thinking associated with taking action to avoid potential 
negative impacts of their own concussion on others; an 
important decision in high-speed motorsports.
This evidence provides support for the effectiveness of 
the program to create meaningful and important attitude 
change that is relevant to the motorsport environment and 
raises questions about the sensitivity of the RoCKAS-ST 
attitude scale alone to detect meaningful changes. 
Figure 3. Mean self-reported ratings for exploratory NfC scenarios in participants with lower (solid black bars) or higher (open bars) Need for Cognition (NfC), separated 
by low versus high NFC content.
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Williams, Langdon, McMillan and Buckley (46) found 
inconsistency between RoCKAS-ST responses and inter-
view data and discussed potential social desirability bias 
with the measure. While evidence of such bias was not 
found in the current study the repeated inconsistency 
between rating scale and interview data suggests 
weaknesses in the RoCKAS-ST to investigate attitude 
changes.
Need for cognition
Recognizing the need to account for differences in learners’ 
ability and motivation to cognitively process health-related 
messages (12), we explored the potential role NfC might have 
in enhancing the impact of concussion education with the 
workshop group. Findings were consistent with theory under-
pinning NfC (18–23). Learners engaged more strongly with 
elements of the workshop programming that corresponded 
with their underlying NfC (high NfC preferred detail and 
explanation; low NfC preferred image/video over text/depth; 
see Figure 3). To understand this relationship further we 
reviewed text extracts from interviews and found patterns 
consistent with the principles of NfC. For example, intervie-
wees with higher NfC spoke more about “thinking” and articu-
lated increased awareness and a sense of responsibility in 
comparison to those with lower NfC. While only exploratory, 
these preliminary findings support the potential role of NfC 
within concussion programming to improve effectiveness on 
key outcomes.
Tailoring health education programs to NfC has been inves-
tigated previously in areas including AIDS (47), cancer pre-
vention (48,49) smoking cessation (50), and exercise behavior 
(34). Cortese and Lustria (51) found that a website education 
program for participants (n = 151; ages 13–17 years old) 
produced deeper processing of information when it was tai-
lored to NfC than a non-tailored equivalent, and Williams- 
Piehota et al. (49) argued the need to tailor programming to 
suit those with both low and high NfC to enhance program 
effectiveness. In short, cultivating opportunities for deeper 
processing, and taking cognitive effort into consideration, dur-
ing the design and delivery of concussion education is needed. 
Tailoring for NfC within programs may improve, and expedite, 
how participants engage with and consider concussion infor-
mation, and positively impacting knowledge and attitudes, 
provided the delivery and content are sufficiently stimulating 
for participants to invest cognitive effort (52). This evidence, 
together with the data from the current study, supports further 
investigation into the potential role of tailoring concussion 
education according to NfC. We believe that alternative recom-
mendations to consider tailoring to ‘learning styles’ (1), how-
ever, should be disregarded given the significant weight of 
recent evidence against the validity of such constructs (53–56).
Limitations and implications for future research
Recruiting drivers as participants, while maximizing ecological 
validity, introduced restrictions on availability and access 
through Motorsport UK. With exploratory research small sam-
ple size is common and there is no straightforward answer to 
the question of how many, i.e. participant accessibility influ-
ences the richness of any generated data and sample sizes are 
considered large enough if they reveal novel data. However, 
this should be addressed through ongoing evaluation as pro-
grams scale. Requests from research partners to minimize 
participant burden meant only pre- and follow-up question-
naire data were collected from the comparison group. As 
mentioned previously, motorsport is a small and individua-
lized sport that is under researched, particularly in the area of 
concussion (26,27). Thus, we used the opportunity we were 
provided to access the (smaller) comparison group of drivers 
that were given and asked to read a ‘gold-standard’ concussion 
leaflet; real-world practice which is often not evaluated. Despite 
these design limitations, we saw value in looking at current 
standard practice in addition to the workshop program. We 
acknowledge that this study does not enable a direct like with 
like comparison. That is, the design does not include 
a traditional matched control group alongside an intervention, 
but instead uses an inactive comparison group, a type of con-
trol group which, practically, can help highlight whether parti-
cipants benefit from receiving the treatment package (in this 
case the workshop program) compared to not receiving it and 
when this control-group design is appropriately communi-
cated helps to prevent biased conclusions regarding the effect 
of the main intervention (30). We believe this design is super-
ior to using a group with no treatment (44,57), or materials 
unrelated to concussion (58), although acknowledge present 
weaknesses.
Future research should build on this exploratory work, 
including a more equally matched comparison group (in sam-
ple size and time points) to elucidate if common methods of 
disseminating concussion information (i.e., printed materials 
on their own) are ineffective against other forms of interven-
tion programming. Further, as part of future evaluations, the 
new purpose-made Workshop Questionnaires should be vali-
dated. It is currently unknown whether the present findings 
generalize beyond the context of adolescent drivers in the UK. 
Further research is needed in this area. Despite these limita-
tions, the current pilot provides leading groundwork with 
practical application within motorsport.
Longer follow-up periods are needed in order to evaluate 
sustained impact of programs on both knowledge and attitudes 
as well as behaviors in practice (6,8). As mentioned earlier, 
knowledge alone does not lead to behavior change (11) but 
attitudes play a critical role in influencing both behavioral 
intention and subsequent behaviors (12). Therefore, attitude 
and cultural change should be a key focus of concussion edu-
cation programming. Matching health messages to individual 
difference variables, such as NfC, increases the effectiveness of 
changing attitudes and behaviors (59,60). Thus, in addition to 
including longer follow-up periods, further research is needed 
to clarify the present exploratory findings regarding NfC, to 
determine the construct’s relevance to improving attitudes and 
program effectiveness within the context of concussion.
At the time of the present research there was no alternative, 
standardized knowledge and attitude measure to the RoCKAS- 
ST. Present findings, however, provide further evidence (61) to 
suggest the need for more robust measures of concussion- 
related attitude change in particular. The CAI items within 
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the RoCKAS-ST may be limited and outdated. Qualitative data 
in the present study may indeed be a better representation of 
concussion attitudes. Researchers are encouraged to develop 
new measures, using more nuanced measures, such as implicit 
measures of attitude assessment (62).
Maintaining the use of multiple-spaced learning sessions is 
recommended in future concussion education programs in 
order to prevent participants from feeling overwhelmed by 
content (8). Cognitively, this practice also allows time for 
revision, building on previous material, ability to seek clarifica-
tion of concepts, and leads to better learning. The importance 
of spacing learning sessions instead of using a single massed 
session is well evidenced to reduce memory decay (9,10).
One educational strategy that can help to support spaced 
learning is the Massive Online Open Course (MOOC). This has 
been recently introduced to concussion, led by researchers in 
Canada (63). Importantly, a MOOC can support spaced learning 
and thus may help to support better learning retention and deeper 
processing of the content (64). Online educational technologies 
like a MOOC may also offer the ability to more rapidly update 
educational content as further consensus evidence is published, as 
well as the means to tailor to individual difference variables such 
as NfC. Moreover, as part of increasing learners’ ability and 
motivation to process content, maintaining the use of content 
and materials that are sport-specific is recommended (5).
Conclusion
This exploratory study piloted the first concussion education 
program for motorsport drivers. It is also the first concussion 
education program to explore the potential role of Need for 
Cognition (NfC) in improving education effectiveness. 
Findings suggest the current workshop-based concussion edu-
cation program can improve concussion awareness in motor-
sport drivers. There may be benefit of aligning individual NfC 
with concussion educational provision and future research 
should explore this further.
Note
1. This was updated in 2018 (65).
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